T he annual incidence of cervical radiculopathy (CR) has been reported to be 83 cases per 100,000 people in the population, with an increased prevalence noted in the fifth decade of life. 1 This disorder is most commonly associated with a cervical disk derangement or other space-occupying lesion, resulting in nerve root inflammation, impingement, or both. 1,2 Common signs and symptoms of CR include upper-extremity pain, paresthesia or numbness, weakness, or a combination of these signs and symptoms. Patients also may have scapular pain, 3,4 headaches, 5 and neck pain. 6 Patients with both neck and upperextremity symptoms have been reported to have greater functional limitation and disability than patients with neck pain alone. 7 Diagnostic imaging (magnetic resonance imaging) and electrophysiological tests (nerve conduction velocity, electromyography) are commonly used to confirm a diagnosis of CR. 8 -11 Using nerve conduction velocity and electromyographic data as a gold standard, a clinical prediction rule (CPR) was derived to identify the presence of CR using a limited subset of variables from the clinical examination. 12 The CPR for identifying CR includes the Spurling test, the distraction test, the UpperLimb Tension Test 1 (ULLT1) (median nerve bias), and ipsilateral cervical rotation of less than 60 degrees. The CPR exhibited a specificity of 94% (positive likelihood ratioϭ6.1, 95% confidence interval [CI]ϭ2.0 to 18.6) when 3 of 4 criteria were satisfied.
Physical therapy interventions often used for the management of CR include cervical traction, postural education, exercise, and manual therapy applied to the cervical spine and thoracic spine. 13 Studies indicate that some combination of these interventions may result in improved outcomes for patients with CR. 14 -23 Previous controlled clinical trials investigating the treatment of patients with CR have not used the CPR as an inclusion criteria. 14, 15, 17, 23, 24 To date, only 2 case series 18,21 and a cohort study 22 have examined standardized treatment programs in patients diagnosed with CR, using the previously defined CPR. The prospective cohort study identified predictor variables that can identify which patients with CR are likely to have short-term successful outcomes. 22 A multimodal approach to management including manual therapy, cervical traction, and deep neck flexor strengthening was identified as the set of predictors; however, the study design does not allow for identification of a cause-and-effect relationship. Moreover, the treatment protocol in that study was not standardized. A randomized clinical trial is needed to compare the effectiveness of standardized treatment approaches in a homogenous sample of patients with CR.
The clinical use of intermittent cervical traction for CR is common, but its effectiveness has been examined in only one clinical trial. 17 Joghataei et al 17 found that exercise and intermittent cervical traction were superior to exercise and ultrasound in improving grip strength (forcegenerating capacity) following 5 visits in patients with C7 radiculopathy. However, the lack of a measure of pain or disability limits application of these results. There remains a paucity of quality outcome studies investigating commonly used interventions in a homogenous population of patients with CR. Thus, the purpose of this study was to examine the effects of manual therapy and exercise, with or without the addition of intermittent cervical traction, in patients with CR, as identified by the previously described CPR.
Materials and Method
A multicenter randomized clinical trial involving orthopedic physical therapy clinics in Virginia, Georgia, Alabama, and West Virginia (Nϭ7 clinics) was conducted between October 2006 and December 2007. A total of 10 physical therapists (9 male, 1 female) with an average of 7 years (rangeϭ0.5-12) of experience treating patients with spinal conditions participated in data collection. In order maximize standardization, all clinicians were given on-site training by the primary investigator (I.A.Y.) and provided with an instruction manual and video on all examination, treatment, and data collection procedures.
Our original sample size estimate for data analysis was 80 subjects. Because the outcome measures used in this study have not been used in previous clinical trials for this patient population, an accurate power analysis based on effect size could not be calculated. With an estimated small effect size ( fϭ0.25), a sample size of 80 would have given the study a power of 94%.
Consecutive patients with reports of unilateral upper-extremity pain, paresthesia, or numbness, with or without neck pain, were screened by a physical therapist for study eli- After the examination, patients were randomly assigned to 1 of 2 treatment groups: a group that received manual therapy, exercise, and intermittent cervical traction (MTEXTraction group) and a group that received manual therapy, exercise, and sham intermittent cervical traction Manual Therapy, Exercise, and Traction for Cervical Radiculopathy (MTEX group). In order to decrease the potential effect of the clinic on treatment outcomes, concealed randomization, stratified by clinic, was used to place patients into treatment groups. Numbered, sequential, sealed envelopes containing group allocation for each clinic were opened by the evaluating therapist after the baseline examination. Support staff, who were unaware of group assignment, administered all patient self-report measures and grip strength testing as instructed by the therapist.
Treatment
Patients were treated for an average of 7 visits (SDϭ2.08), over an average of 4.2 weeks, with a standardized treatment protocol. Treatments were performed sequentially to include postural education, manual therapy, and exercise and ended with traction or sham traction. All patients received a home exercise program on their first visit, including one or more of the available exercises used in the standardized treatment protocol. The home exercise program was updated, as needed, on each visit by the physical therapist.
Posture education. On the initial treatment visit, patients were educated on importance of correct postural alignment of the spine during sitting and standing activities. Posture was addressed on subsequent visits only if the physical therapist deemed it necessary.
Manual therapy. Manual therapy was defined as either high-velocity, low-amplitude thrust manipulation or nonthrust manipulation. Initial treatment included manipulation procedures directed at the upperand mid-thoracic spines of spinal segments identified as hypomobile during segmental mobility testing. 38 Thrust manipulation of the thoracic spine could include techniques in a prone, supine, or sitting position based on therapist preference. Nonthrust manipulation included posterior-anterior (P-A) glides in the prone position. Therapists were required to perform at least one technique targeting the upper thoracic spine and one technique targeting the mid thoracic spine during each visit. Following treatment directed at the thoracic spine, at least one set (30 seconds or 15-20 repetitions) of a nonthrust manipulation was directed at each desired level of the cervical spine. The cervical spine techniques could include retractions, rotations, lateral glides in the ULTT1 position, and P-A glides. The therapists chose the techniques based on patient response and centralization or reduction of symptoms.
Exercise. After completing the manual therapy procedures, the therapist instructed the patient on specific exercises to complement the manual procedures performed. Exercises included cervical retraction, cervical extension, deep cervical flexor strengthening, and scapular strengthening. At least one exercise was used during each treatment visit. All manual therapy and exercise procedures are described in the eAppendix (available online at www.ptjournal.org).
Traction and sham traction. After exercise, patients received either mechanical intermittent cervical traction or sham traction for 15 minutes according to their random assignment. Each patient was positioned supine, with the cervical spine placed at an angle of approximately 15 degrees of flexion. The traction force was started at 9.1 kg (20 lb) or 10% of the patient's body weight (whichever was less) and increased approximately 0.91 to 2.27 kg (2-5 lb) every visit, depending on centralization or reduction of symptoms. The maximum force used was 15.91 kg (35 lb). The on/off cycle was set at 50/10. The sham traction protocol included the identical setup; however, only 2.27 kg (5 lb) or less of force was applied. All other traction parameters were the same as for the group that received intermittent cervical traction.
Data Analysis
A separate repeated-measures, mixedmodel analysis was performed for each of the primary and secondary outcomes, with alpha set at .05. Treatment group (MTEX versus MTEXTraction) was the betweenpatient factor, and time (baseline, 2-week follow-up, 4-week follow-up) was defined as the repeated factor. The primary and secondary outcomes were used as the dependent variables. To allow for correlations within participants and of participants within clinics, we modeled patient and clinic as random effects without interactions. The main hypothesis of interest was the group ϫ time interaction. Linear contrasts were constructed to determine the between-group differences at each time point. The main effects of the interventions were obtained by constructing linear contrasts to compare the mean change in outcome from baseline to each time point. The effect size was calculated from the between-group differences in change score from baseline to the 4-week follow-up in all of the primary outcome measures. Analyses followed intention-to-treat principles. All analyses were performed using SAS statistical software (JMP version 8.0*).
Role of the Funding Source
This study was funded by a grant from the Saunders Group.
Results
Patients (Nϭ121) were screened for eligibility, and 81 patients were eligible and agreed to participate (Fig. 1) . Twelve patients (nϭ6 in each group) were lost to follow-up between baseline (pretreatment) measures and the 4-week follow-up. Baseline demographics and data for outcome measures are listed in Table 2 .
No significant interaction or main effects of group were found for the primary or secondary outcome measures (Tab. 3). There was a significant main effect (PϽ.05) of time for the NPRS, PSFS, NDI, and body diagram, indicating there were significant improvements in pain, function, disability, and symptom distribution regardless of group assignment (MTEX versus MTEXTraction) from baseline to the 4-week follow-up. The adjusted effect size from the mixed-models analysis for each of the primary outcomes was small (NDIϭ1.5, 95% confidence interval [CI]ϭϪ6.8 to 3.8; PSFSϭ0.29, 95% CIϭϪ1.8 to 1.2; and NPRSϭ 0.52, 95% CIϭϪ1.8 to 1.2).
Discussion
This randomized clinical trial investigated the effects of a multimodal treatment approach including manual therapy and exercise, with and without the addition of intermittent cervical traction, in patients with CR. The results indicate that the addition of supine intermittent cervical Manual Therapy, Exercise, and Traction for Cervical Radiculopathy Although there were no significant differences between groups with any of the outcome measures, the precision of the point estimates of the treatment effects must be considered. At the 2-week follow-up, the lower boundary of the 95% CI for the NDI was Ϫ7.0 (Tab. 3). This value meets the threshold for meaningful clinically important change of the NDI (7.0). Furthermore, at the 4-week follow-up, the lower boundary of the 95% CI for the NPRS was Ϫ1.8 (Tab. 3). This value exceeds the threshold for meaningful clinically important change of the NPRS (1.3) adopted for this study. Thus, we cannot confidently exclude a treatment effect for these variables at these specific time points.
Although statistically significant changes over time were found in both groups with all of the primary outcome measures, the threshold for minimum clinically important change was surpassed with the NPRS (nϭ47 [67%]) and the PSFS (nϭ44 [64%]) for those patients who completed the 4-week follow-up. A total of 2 points of change on the PSFS has been found to exceed the threshold for minimal clinically important change in patients with CR. 29 A change of 1.3 points on the NPRS recently was found to meet the threshold for minimal clinically important change in patients with neck pain. 27 As no study has identified a minimal clinically important change value in patients with CR, this change score (1.3 points) on the NPRS was adopted for this study. Of the patients who completed the 4-week follow-up, only 32 (46%) surpassed the minimal clinically important change of at least 7 points on the NDI. 29 A recent study 27 suggests that the minimal clinically important change on the NDI may be more than twice as high as the original reported threshold of 7 points in patients with mechanical neck pain. With these inconsistencies regarding the appropriate threshold for clinically important difference, perhaps the responsiveness to change of the NDI may not be sufficient in this patient population. As the NDI is a commonly used self-report measure in patients with all neck-related disorders, future studies with larger sample sizes should investigate to detect change in patient status in conjunction with the NPRS, PSFS, and GROC in patients with CR.
The present study used a CPR to identify the presence of CR. 12 The CPR has a sensitivity of 0.39 (95% CIϭ0.16 to 0.61), a specificity of 0.99 (95% CIϭ0.97 to 1.00), and a positive likelihood ratio of 30.3 (95% CIϭ1.7 to 538.2) when all 4 test items are positive. The CPR has a sensitivity of 0.24 (95% CIϭ0.05 to 0.43), a specificity of 0.94 (95% CIϭ0.88 to 1.00), and a positive likelihood ratio of 6.1 (95% CIϭ2.0 to 18.6)] when 3 of 4 tests are positive. We used 3 of 4 criteria that are positive for eligibility despite other studies using 4 of 4 criteria, due to the narrower CI and the lower-bound estimate for 3 of 4 criteria. To date, the CPR used in the present study has not been validated. In the clinical trial by Joghataei et al, 17 a 13.64-kg (30-lb) traction force at a 24-degree angle of pull was used for a period of 20 minutes, with an on/off cycle of 7/5. In the present study, we used a longer duration of pull (on/off cycle of 50/10), a 15-degree flexion angle, and no traction force during the off cycle. In this study, the average traction force was 11.64 kg (SDϭ2.8, rangeϭ9.09 -14.09) (25.6 lb, SDϭ2.8, rangeϭ20 -31) for the MTEXTraction group and an average of 1.65 kg (SDϭ0.70, rangeϭ0.90 -4.52) (3.5 lb, SDϭ1.1, rangeϭ2.0 -5.0) for the MTEX group. Interestingly, Zybergold and Piper 24 found no significant difference in pain reduction among groups of patients with CR who received static traction, intermittent traction, manual traction, and treatment without traction. Possibly, more-aggressive traction protocols (more force or greater frequency) may have had a greater effect on the patient sample in the present study. Moreover, we are unable to determine whether the sham traction force of no greater than 2.3 kg (5 lb) had a treatment effect on the patients in this study. Although a control group receiving a "subtherapeutic" traction force has its limitations, we feel this was the best control choice to address the setup, subsequent force production, and treatment time involved with this modality. In this study, there appeared to Manual Therapy, Exercise, and Traction for Cervical Radiculopathy be no relationship between the amount of traction force used and perceived recovery (Fig. 2) .
The manual therapy procedures used in this study were a combination of thrust and nonthrust manipulation techniques designed to centralize and reduce the cervical and upper-extremity symptoms. In order to simulate clinical practice, the therapist was allowed to select individual techniques based on centralization or reduction of symptoms and the patient's response to treatment. If a manual therapy procedure centralized or reduced the patient's symptoms, this procedure continued to be used until there was no further benefit. Conversely, if a manual procedure worsened or peripheralized the patient's symptoms, this procedure was abandoned and another technique was selected. The procedures are modifications of techniques first described by McKenzie, 25 Maitland, 38 Greenman, 39 and Vicenzino et al. 40 An average of 2 manual procedures were performed on both the thoracic and cervical spines during each visit. Supine thoracic thrust manipulation, cervical retraction nonthrust manipulation, and cervical retraction exercise were the most commonly used procedures in the study (Fig. 3) . Although thoracic manipulation procedures have been shown to have a significant short-term treatment effect on patients with mechanical neck pain, 41,42 these techniques have not been studied in patients with CR. Restoration of normal biomechanics to the thoracic spine may have a role in lowering mechanical stresses and improving distribution of joint forces in the cervical spine. 41, 43, 44 Manipulations directed at the cervical spine were not performed in this study, as supporting evidence is sparse in patients with CR 45 and considerable attention has been devoted to the risk of serious complications. 46 -48 The exercises used in this study included strengthening of the scapulothoracic and deep neck flexors, as well as cervical retraction and extension exercises. Scapular strengthening and deep neck flexor exercises have provided some benefit in previous studies. 21, 22 Cervical retraction is thought to improve resting neck posture, relieve neck pain or radicular or referred pain, 25 and possibly decompress neural elements in patients with CR. 49 An average of 2 exercises per visit were used in the present study.
This clinical trial supports previous randomized clinical trials demonstrating effective conservative management of CR 17,23,24 and cervicobrachial pain 14, 15, 24 Prior to the present study, only one randomized clinical trial isolated the effect of intermittent cervical traction, finding that exercise and intermittent cervical traction were superior to exercise (cervical isometrics) and ultrasound on the outcome of grip strength after 5 visits in patients with C7 radiculopathy. 17 However, there were no significant differences between groups at 10 visits (discharge from physical therapy). 17 We acknowledge several limitations of this study. First, we used a CPR to identify the presence of cervical radiculopathy that has yet to be vali-
Figure 2.
Average force of traction (per subject) versus Global Rating of Change Scale (GROC) scores (rangeϭ0 -13; scores Ն10 signify clinically meaningful improvement). There appears to be no relationship between the amount of traction force used and perceived recovery. MTEXTraction groupϭpatients who received manual therapy, exercise, and intermittent cervical traction; MTEX groupϭpatients who received manual therapy, exercise, and sham intermittent cervical traction.
Manual Therapy, Exercise, and Traction for Cervical Radiculopathy dated, which may imply less-thanoptimal diagnostic accuracy of this condition. Second, we are unsure of how effective the blinding was during the course of treatment, as the patients were not asked whether they could identify which group they were in at the 4-week followup. If the patients thought they were receiving the sham treatment, this may have had an influence on their outcome. Third, the lack of a strictly recorded, dose-specific home exercise program maintained during the course of treatment was a limitation. Fourth, without a control group (a group not receiving treatment), we are unsure whether there was a spontaneous resolution of symptoms over the course of this 4-week treatment.
Conclusion
The addition of mechanical intermittent traction does not appear to improve outcomes for patients with CR who are already receiving manual therapy and exercise. Although traction provided no additional benefit in this study, subsequent investigations examining traction at different dosages may be of interest in this patient population. The effect of CR can be disabling, and continued research in the areas of diagnosis and treatment of this condition is of paramount importance. 
